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Darwin (1859, 1871) noted that many sexual in- 
equalities between males and females cannot be ex- 
plained by natural selection alone. For example, in 
many species (particularly those lacking parental 
care) males mate with as many females as possible, 
whereas females may exert qualitative choices due to 
the greater energetic and survival costs of reproduc- 
tion (Bateman, 1948; Trivers, 1972; Krebs and Davies, 
1993). Conversely, where parental investment is great- 
er in males, where sperm competition is high, or 
where female quality is variable, males may be more 
selective (Sargent et al., 1986; Schwagmeyer and Park- 
er, 1990; Olsson, 1993). Mate choice is therefore often 
complex, and may be further confounded in territorial 
species in which male-male competition influences ac- 
cess to mates (Andersson, 1994). 

Platysnurus broadleyi is a territorial cordylid lizard 
with a polygynous mating system (MJW, unpubl. 
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data). Males are therefore expected to mate with as 
many females as possible, while females are expected 
to be discriminating. However, given a simultaneous 
choice between two females of variable quality, it may 
be adaptive for a male to choose the higher quality 
female. 

Fecundity is an important aspect of female quality 
that may be evaluated by males (Trivers, 1972). Clutch 
size in I? brondleyi is fixed at two (van Wyk and Mou- 
ton, 1996). However, egg size can reasonably be ex- 
pected to positively correlate with maternal body size, 
as has been reported for many lizard species with 
fixed clutch size (e.g., Andrews and Rand, 1974; Vitt, 
1986; Doughty, 1997). This in turn may give larger 
offspring a competitive advantage (Lack, 1954; but see 
Sinervo et al., 1992). Based on this assumption, we 
tested the hypothesis that given a choice, males choose 
larger females. 

Platysaurus broadleyi (formerly Plntysntrrus capetzsis 
[part]; Branch and Whiting, 1997) is endemic to the 
Gordonia-Kenhardt districts of the Northern Cape 
Province, South Africa. Adult snout-vent length (SVL) 
ranges from 64-84 mm, and males are larger than 
females (Branch and Whiting, 1997). We conducted 
field work during September (the height of the breed- 
ing season [MJW, unpubl. data]) 1996, at Augrabies 
Falls National Park (hereafter Augrabies) (2g035'S, 
2Oo20'E), Northern Cape Province, South Africa. De- 
tails of the study area are given in Branch and Whit- 
ing (1997) and Whiting and Greeff (1997). 

Females were collected ca. 700-1200 m from the 
males, reducing the likelihood of prior contact (I? 
broadlyi have small home ranges, the longest axis is 
generally <300 m; MJW, unpubl. data). We conducted 
staged trials in the field by placing a test chamber 
containing a large and small female within sight of a 
free-ranging male. The test chamber was a glass 
aquarium measuring 30 X 10 X 50 cm. Two glass 
divisions were inserted to create three equally sized 
chambers. Females differing by at least 5 mm SVL 
were randomly allocated to the outer chambers. (The 
middle chamber permitted a clear separation of fe- 
males and therefore allowed the observer to accurately 
score choice.) Five mm was arbitrarily selected as a 
minimum SVL at which females were readily distin- 
guished on the basis of size. After placing the females 
in a position easily visible to the male, the observer 
withdrew to a location (ca. 10 m from chamber) that 
would not distract the male, and remained still. We 
scored which female the male courted first. Courtship 
consists of a male raising and lowering his fore-body 
as he approaches or circles a female, and can not be 
mistaken for any other behavior. No female combina- 
tion was used more than once, and no female was 
used in more than two trials (Table 1); a total of 17 
trials were conducted. During trials, females generally 
remained stationary and did not respond to the male's 
presence. Males were tested once only. 

Data are reported as mean ?1 SE. Differences in 
body size (SVL, mass) were evaluated using Mann- 
Whitney tests (one-tailed) while differences in choice 
were evaluated using a binomial test (one-tailed). Dif- 
ferences were considered significant at alpha = 0.05. 

The 14 large females had a mean SVL of 74.86 2 
0.53 (72-78 mm) and a mean mass of 8.69 + 0.43 (7.2- 
10.6 g; N = 8); the 10 small females had a mean SVL 
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TABLE1. Mate choice trials for large versus small 
females. Snout-vent lengths (mm) are given in paren- 
theses, following individual identity numbers. Two fe- 
males (indicated by asterisk) were approached first, 
but not courted. 

Large Small Female bod? 
female # female # length ratlo Outcome 

large 
large 
large 
large 
small 
small 
large 
large' 
large 
large 
large 
small 
large 
large 
large 
large' 
large 

of 69.2 t 0.81 (6573) and a mean mass of 7.07 i 0.47 
(4.8-8.6; N = 7, three females were not weighed); 
these differences were significant (SVL: Z = 3.72, P = 
0.0001; mass: Z = 2.03, P = 0.02). 

In two trials, the male approached the larger of the 
two females, but did not court her (Table 1). Overall, 
males approached the larger female first significantly 
more often than the smaller (P = 0.0064, N = 14 larg- 
er [8296], N = 3 smaller). Males courted the larger 
female first significantly more often than the smaller 
(P = 0.018; N = 12 larger, N = 3 smaller) (Table I), 
and tended to ignore the second female, although the 
trials were not of sufficient duration to properly ex- 
amine this. Of the 10 trials, nine males courted only 
one female (nine large, one small; P = 0.011), while 
the larger female was approached but not courted in 
the remaining trial. 

A number of hypotheses halve been posited for the 
evolution and mechanisms of mate choice in animals 
(Kirkpatrick and Ryan, 1991; Andersson, 1994; Eber- 
hard 1996; Ryan, 1997). Much of t h s  debate has cen- 
tered on female choice as an outcome of sexual selec- 
tion. Conversely, male mate choice has received little 
attention, particularly for the Squamata (Olsson, 1993). 
Currently, male mate choice has been examined ex- 
perimentally for one lizard (Lncertn ngilis; which is 
nonterritorial and mate guards), in which males pre- 
ferred large females (Olsson, 1993), and a snake, 
Tharrzilophls sirtalls parietalls (Aleksiuk and Gregory, 
1974). Inferential evidence for male mate preference 
for large females exists for another mate guarding liz- 
ard, Eumeces lnticeps. In E. laticeps, clutch size is posi- 
tively correlated with female SVL, and males mate- 
guard larger females resulting in positive size-assor- 
tative mating (Cooper and Vitt, 1997). Two studies 
(Fitzgerald, 1982; Rostker, 1983) have also provided 
evidence for a male preference for large females. Rost- 
ker (1983) showed that large male Crotaplytirs collnris 

tended to consort with large females, while Fitzgerald 
(1982) found that males in several species of Sceloporits 
chose larger females in simultaneous two-choice trials 
in the lab. 

Male l? broadla/i showed a strong preference for 
larger females. In the two instances where males did 
not court either female, they still approached the larg- 
er female. Traditionally, it has been assumed that 
males that only have genes to contribute will show 
little discrimination among females and conform to a 
"hit-and-run" strategy (Dewsbury, 1982). This ap- 
pears true for many polygynous species including l? 
brondleyi, in which males court multiple females in a 
short space of time, including juveniles that are fe- 
male-like (MJW, unpubl. data). Given a simultaneous 
choice of two or more females, it may be adaptive to 
court the larger female, particularly if the other fe- 
males move amJay in the interim. 

It may be argued that female interactions could in- 
fluence male mate choice. However, females in the 
chambers did not appear to notice each other, often 
faced opposite directions, and were sufficiently sepa- 
rated to prevent interaction. 

Extreme size (and therefore energetic) differences 
between sperm and eggs halve been regarded as fun- 
damental to the e\rolution of anisogamy (Parker et al., 
1972; Birkhead and Parker, 1997). Costs of egg pro- 
duction halve traditionally been compared to the costs 
of individual sperm production, leading to the mis- 
conception that sperm production is cheap and unlim- 
ited (Dewsbury, 1982; Nakatsuru and Kramer, 1982). 
A more appropriate unit of comparison is the ejacu- 
late, which may contain millions of gametes (Dews- 
bury, 1982). In this context, males may be more selec- 
tive if (1) ejaculate production is limited (Nakatsuru 
and Kramer, 1982), (2) fertilization success is lowered 
because the female recently mated with another male 
(sperm competition) (Erickson and Zenone, 1976; 
Schwagmeyer and Parker, 1990; Birkhead and Parker, 
1997), or (3) female quality (e.g., fecundity or parental 
care) is variable, and/or if males can mate with only 
a limited number of females (Verrell, 1986; Olsson, 
1993; Ryan, 1997). To our knowledge, ejaculate pro- 
duction has not been reported as costly for any lizard 
(but see Olsson et al., 1997). The sperm competition 
model is not supported because males were exposed 
to novel females and excluded from chemical contact, 
precluding information on the female's mating history. 
During courtship, males frequently nudge the female's 
cloaca1 opening (pers. obs.), although assessment of 
female mating history by this means remains to be 
demonstrated. The sperm competition model is pos- 
sible if males mate as frequently as possible without 
assessing female mating history. Egg size has been 
demonstrated to be heritable and responsive to natu- 
ral selection for at least one lizard (Uta starlsburlarln) 
(Sinervo and Doughty, 1996). Last, if larger offspring 
have a survival advantage, it tvould be adaptive for 
males to choose larger females. Male l? brondlqi did 
show a preference for larger females and this therefore 
best suits the fecundity model. 

Alternatively, large female body size could correlate 
with some other maternal trait related to offspring 
growth and survival, regardless of egg size. A number 
of factors (both genetic and environmental) affect off- 
spring quality and hence, survival (Slnervo et al., 1992; 
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Olsson et al., 1996; Sinervo and Doughty 1996). For 
example, individuals with genes that code for slightly 
longer gestation periods have larger offspring that 
grow faster (Olsson et al., 1996). Phenotypic factors 
such as maternal nutritional condition and allocation 
to developing embryos may also influence offspring 
survival (Olsson et al., 1996). Therefore, evolution of a 
male preference for large female size may have been 
driven by better offspring survival due to egg size, 
either through environmental or genetic sources of 
\,ariation. 

In general, male assessment of females entails vi- 
sual or chemical cues. Verrell (1985, 1986) demonstrat- 
ed that male newts of both Notoptkalmus zliridescens 
and Triturus vulgaris prefer large fecund females, and 
assess size using visual and/or chemical cues. Male 
I? broadleyi frequently tongue-flick females during 
courtship. Because vomerolfaction in squamates is me- 
diated through tongue-flicking and chemical transfer 
to the vomeronasal system (Halpern, 1992; Cooper, 
1994), males may gain information on reproductive 
condition by tongue flicking. However, in our experi- 
ment, males were effectively prevented from doing so 
by the experimental chamber. Also, male I? broadleyi 
began courtship during approach when only visual 
contact was possible. This does not preclude the use 
of olfactory cues in nature, but does confirm the use 
of visual cues for size assessment. 
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Of the 38 species in the genus Pirysalmtnus (Duell-
man, 1993; Lobo, 1993), the tadpoles of 13 have been 
described. Argentine species in the Physalnemus bili- 
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gonigerus group include P biligoiligerus, P nattereri, and 
P satltafecinus. Larvae of the first two species have been 
described by Vizzotto (1967) and Fernandez and Fer- 
nandez (1921) respectively. We present data on the ex- 
temal morphology and buccopharyngeal features of 
the tadpole of Physalaenlus santafecitlus and provide 
comparisons with the larvae of the other species of 
the I! biligonigerus group. 

Ten tadpoles in Stages 35-40 (Gosner, 1960) were 
collected in humid shrub forest of the chacoan region 
near Corrientes, Argentina (October, 1995; Universi- 
dad Nacional del NordEste, Corrientes CHC-UNNE 
02242). Terminology of the description follows John- 
ston and Altig (1986) and Lavilla (1988), and mea-
surements (ocular grip and caliper, 0.01 mm; Table l)  
follow Lavilla and Scrocchi (1986). Some tadpoles 
were reared through metamorphosis to confirm their 
identity. The description and illustration of the exter- 
nal morphology were based on larvae in Stage 38, and 
we examined the buccopharyngeal morphology of 
two larvae of Physalnctizus iiiligotligerus in Stage 38 for 
comparisons. Buccopharyngeal structures stained 
with methylene blue were observed with a dissecting 
microscope and described using the terminology of 
Wassersug (1976, 1980). 

The body of the tadpole of PI~ysalnctnus santafecitllis 
is ovoid, slightly depressed, SVL = 24.04 mm (SD = 

1.70, N = 4) at Stage 38. Maximum width of body is 
greater than width at eye level; eyes dorsolateral; snout 
rounded in dorsal and lateral views (Fig. lA, B); oral 
disc subterminal, with marginal papillae in single 
row and wide rostra1 gap; row of intramarginal pa- 
pillae in infraangular area (Fig. ID); labial teeth 
strongly keratinized and pigmented with serrated free 
margins; upper beak wider than high and curved; 
lower beak V-shaped; tooth row formula 1, 1-111-1, 1; 
nostrils dorsal, oval, and separated by a distance of 
0.66 times interocular distance; spiracle sinistral with 
opening directed dorsally; diameter of opening is less 
than tube diameter; venter transparent (Fig. 1C). 

Tail length 660h of total length. Dorsal fin originates 
at tail-body junction; ventral fin originates on abdom- 
inal region; dorsal fin higher than ventral fin; tip of 
tail slightly curved; anal tube dextral, opening in line 
with ventral fin. 

In preserved specimens, dorsum lightly pigmented 
brown with major concentration of pigments in inter- 
ocular zone, near nostrils, and covering epaxial mus- 
culature up to origin of dorsal fin; fins and remainder 
of tail lightly pigmented; limbs pigmented dorsally. 

Buccopharyngeal surface features in Pitysaliu.nius 
satltafecinus are: buccal roof rectangular, slightly lon- 
ger than wide (Fig. 2A); two pairs of infrarrostral pus- 
tulations forming a semicircular arch with median 
notch in the prenarial arena; choanae positioned at 
about 25% of the distance from oral disc to esophagus; 
intemarial distance less than 50% of long axis of cho- 
ana; nares obliquely oriented; anterior narial wall pus- 
tulate; posterior narial wall flap-like and twice as 
wide as high; postnarial arena narrow and triangular 
with four papillae; center pair of papillae anterior, 
large, w~de, and each with pustulate anterior margin; 
lateral pair of papillae posterior, and situated beneath 
the lateral-ridge papillae, short, thick, and with pus- 
tulate anterior margin; both pair of papillae obliquely 
oriented from lateral-ridge papillae; median ridge 
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